1. Amino acid metabolism and protein synthesis in a Staphylococcus aureUw mutant strain that requires pyrithiamine for optimum growth were studied and compared with those in the thiamine-requiring parent S. aureus. 2. The mutant strain utilized amino acids at a higher rate than did the parent strain. The utilization of glutamic acid, serine and glycine was much stimulated in the mutant strain. 3. The rate of oxidation of glutamic acid, aspartic acid, isoleucine and glycine was higher in the mutant strain. 4. The mutant strain contained serine, glycine, tyrosine, glutamic acid, aspartic acid, arginine and histidine as free amino acids, whereas the parent strain possessed lysine, arginine, histidine, aspartic acid and glutamic acid. 5. The mutant strain possessed slightly higher glutamate-oxaloacetate transaminase activity, whereas the activities of glutamate-pyruvate transaminase were similar in both strains. 6. The incorporation of 14C from [2-14C]-acetate into individual amino acids of the cell protein was greater in the mutant strain. 7. The incorporation of 14C-labelled amino acids into the cell proteins of the mutant strain was not much different from that in the parent strain. 8. Induction of f-D-galactosidase in the mutant strain did not occur, whereas induction of this enzyme is possible in the parent strain. Thiamine or pyrithiamine has no direct effect on the induction of f-D-galactosidase. Das & Chatterjee (1962a ,b, 1963 reported that carbohydrate metabolism was altered in a pyrithiamine-requiring Staphylococcue aureus mutant (S. aureus A). compared with the parent strain. Glucose utilization was much depressed, with concomitant stimulation of the tricarboxylic acid cycle in the mutant strain.. It was postulated that amino acid metabolism might also have changed so that the energy required for the growth of the mutant strain could be obtained through increased amino acid utilization.
In this paper amino acid metabolism and certain aspects of protein synthesis in the mutant strain are compared with those in the parent strain.
MATERIALS AND METHODS
Organism. A laboratory strain of thiamine-requiring S. aureus and a pyrithiamine-requiring mutant S. aureus A were used; the method of preparation and maintenance of the mutant were as described by Das & Chatterjee (1962a) .
Growth of the organism in broth culture. S. aureus was grown in liquid medium (Das & Chatterjee, 1962a) Plaisted (1958) before chromatography. For the estimation of free amino acids, cells grown for 18hr. were extracted with aq. 80% (v/v) ethanol (Narasinha Rao & Venkataraman, 1952) . The extract, after separation ofcell debris, was evaporated to dryness and the residue was taken up in aq. 10% (v/v) propan-2-ol. Cell weight was determined by drying a portion of washed suspension of the cells to constant weight at 1050.
Chromatographic estimation of amino acids. The amino acid concentration of different samples was determined by two-dimensional descending paper chromatography with water-saturated phenol as the first solvent and butan-l-olacetic acid-water (4:1:1, by vol.) as the second solvent.
After colour development with ninhydrin (0.5%, w/v, in acetone) the coloured spots were identified and separately eluted with 5ml. of aq. 75% (v/v) ethanol containing 5mg. of CuSO4,5H20/100mL. (Giri, Radhakrishnan & Baidyanathan, 1952) . The concentration of amino acids was determined colorimetrically.
Manometry. Aerobic oxidations with various amino acids as substrate were studied by the conventional manometric method (Umbreit, Burris & Stauffer, 1957) (Gunsalus & Stamer, 1955) formed respectively. Cell-free extracts of the organisms were prepared by the method of Das & Chatterjee (1963) (Krebs & Eggleston, 1940) in a total volume of 2-5ml. The labelled substrate was placed in one side arm of the flask, and the other arm contained 0-3ml. of 30% (w/v) trichloroacetic acid. The central well contained filter paper soaked with 0-2ml. of 20% (w/v) KOH. The incubation was carried out in a Warburg bath at 370 with constant shaking. After incubation for 60min. the reaction was stopped by the addition of 6% (w/v) trichloroacetic acid. The precipitated protein was then purified by repeated washing with 6% (w/v) trichloroacetic acid, dissolving in 1 0N-NaOH and then by reprecipitation with 6% (w/v) trichloroacetic acid and washing with cold sodium thioglycollate, ethanol, ethanol-ether mixture and finally ether (Stachiewiez & Quastel, 1959; Bovernick, Schneider & Walter, 1959 Induced enzyme 8ynthe8i8. Both S. aureu8 and S. aureuw A were grown in the medium described by Das & Chatterjee (1962a) . Aftergrowth for l7hr. at 370 the cells were collected by centrifugation at 00 and thoroughly washed with 0-85% NaCl solution. For induction of the enzyme the cells were then resuspended in the medium described by Creaser (1955) . The medium for the mutant was supplemented with pyrithiamine (1 fg./ml.) instead of the thiamine that was added to the medium for the parent S. aureus strain.
Isopropyl f-D-thiogalactoside (0-2mM) was added as the inducer. After incubation for various times at 370 the cells were washed with cold 0-85% NaCl and collected by centrifugation at 00. In a typical experiment the induction system contained 10mi. of the Creaser medium (with added thiamine or pyrithiamine), 0- 
RESULTS
Utilization of amino acids. It has been found that S. aureus can utilize cysteine at a high rate. The rate ofutilization by the parent strain oflysine, arginine, histidine, aspartic acid, serine, glycine, threonine, methionine, valine, alanine and also phenylalanine was also significantly high (Table 1) , whereas glutamic acid, leucine, proline and hydroxyproline were utilized at a comparatively lower rate. Studies on the utilization of amino acids by the mutant S. aureus A indicated an appreciable increase in the utilization of lysine, arginine, histidine, phenylalanine and leucine when compared with the parent strain. The utilization of glutamic acid, serine and glycine was also stimulated. With the exception of aspartic acid, alanine and threonine, the utilization of other amino acids was stimulated, indicating an overall increased utilization of amino acids in the mutant organism.
Oxidation of amino acids by S. aureus and S. aureus A. Amino acids were oxidized at a higher rate by the mutant strain, particularly with respect to glutamic acid, isoleucine and glycine. The rate of oxidation of methionine, on the other hand, was much higher in the parent strain than in the mutant S. aureus A (Table 2) .
Free amino acid content of S. aureus and S. aureus A. The parent strain contained arginine, histidine, lysine, aspartic acid and glutamic acid as free amino acids. The mutant strain contained these amino acids except for lysine, and serine, glycine and tyrosine in addition (Table 3) . Concentrations of arginine, histidine and glutamic acid were increased in the mutant strain whereas the concentration of aspartic acid was decreased. (Table 5) .
Induced enzyme synthesis. As the induction of enzyme synthesis by the cell is another approach to Incubation period (hr.) 0 Strain S. aureus S. aureus A the study of aspects of protein synthesis, the induction of fl-D-galactosidase in both S. aureu8 and S. aureq4 A was studied. Although in the presence of isopropyl fl-D-thiogalactoside the parent strain could synthesize ,B-D-galactosidase, no synthesis occurred in the mutant strain (Table 6 ). To (5pmoles; this amount gave 9-85 x l05counts/min.) and phosphate saline (Krebs & Eggleston, 1940 ) in a total volume of 2-5ml. The mixture was incubated at 37°for 60min. and the reaction was stopped by the addition of 6% (w/v) trichloroacetic acid. The purified isolated protein (2mg.) was hydrolysed in 6N-HCI in a sealed tube at 1100 for 24hr. After hydrolysis HCl was removed and a portion was chromatographed. Radioautography and radioassay were done by the method ofKornberg (1958 determine whether pyrithiamine or thiamine had any effect on the process of induction of f-Dgalactosidase, pyrithiamine was added to the induction medium containing thiamine for the parent strain and thiamine was added to the medium containing pyrithiamine for the mutant S. aurew A. These additions to the induction media had no effect on the induction of /3-D-galactosidase.
DISCUSSION
The above results indicate that in the mutant strain stimulated utilization of amino acids may account for the lower glucose assimilation by the strain and lead to growth equivalent to that of the parent organism, the growth medium used for either strain being identical with respect to carbon and nitrogen sources. In the pool of free amino acids in S. aureu8 A, histidine and glutamic acid were increased, whereas aspartic acid was decreased appreciably. The turnover of glutamic acid is higher in S. aureu8 A than in the parent strain.
Studies on the incorporation of [2-14C]acetate into the constituent amino acids of the cell proteins of both strains indicate a marked stimulation in the protein metabolism of the organism after its mutation to the pyrithiamine-requiring strain.
Overall stimulation of amino acid metabolism in S. aureu A cannot, of course, be confirmed conclusively by the results observed in the amino acid-incorporating studies. There is, however, a slight increase in the incorporation of [14C]valine and [140] phenylalanine by the cell-free extracts of S. aureus A while the rate of incorporation of other labelled amino acids remained the same. It may therefore be assumed that the higher rate of metabolism of amino acids in the mutant strain is needed Table 5 . Incorporation of 14C-labelled amino acidcl into protein of S. aureus and S. aureus A The incubation mixture contained 0 2,umole each of GTP, UTP and CTP, 2 0Oumoles of ATP, 0 8,umole of mereaptoethanol,30,umoles of tris-HCl buffer, pH7-6, amino acid mixture containing 0 5 mole of each individual amino acid and cell-free extract equivalent to 4mg. of protein in a total volume of 21 ml. Different l4C-labelled amino acids (0-02 /mole of each) were added to separate reaction mixtures, which were incubated at 370 for 1 hr. for its normal maintenance, since there is dearrangement in the utilization of other metabolites by the strain. However, the rate of protein synthesis in vitro as indicated by the incorporation of 14C-labelled amino acids is not much affected, and this is reflected by the apparently similar growth rates of both these strains. Though thiamine or pyrithiamine has no direct effect on the process of induction of P-D-galactosidase in 8itU, mutation of S. aureus to the pyrithiamine-requiring strain leads to an impairment of carbohydrate metabolism that could lead to a higher concentration of hexose in the pool of the mutant cells; consequently the inducibility of fi-D-galactosidase would be inhibited. However, the loss in the inducibility of s-Dgalactosidase might also be attributed to alterations in genetic loci of the organism as a result of the development of resistance towards pyrithiamine.
